This study sought to clarify the factors associated with the magnitude of the difference between home and office blood pressures in treated hypertensive patients. Study subjects consisted of 3,308 essential hypertensive patients (mean age, 66 years; males, 44%) receiving antihypertensive treatment in primary care settings in Japan. Patients were classified into 3 groups (the home effect group, small difference group, and office effect group) according to tertiles of the magnitude of the office-home systolic blood pressure difference. Compared to the other two groups, the home effect group patients were significantly and independently older, were more often habitual drinkers, had a greater family history of cerebrovascular disease or personal history of ischemic heart disease, and were prescribed a greater number of antihypertensive drugs, non-amlodipine calcium channel blockers, and -blockers as antihypertensive drugs. Compared to the other two groups, the office effect group patients were significantly and independently younger, included more females, less frequently had a family history of cerebrovascular disease or personal history of ischemic heart disease, and were less often prescribed -blockers as antihypertensive drugs. The characteristics of home effect group patients and the factors negatively affecting the blood pressure difference were the same. Among treated hypertensive patients, compared to patients in the other groups, office effect group patients had a lower-risk profile, whereas home effect group patients had a higher-risk profile. These predictive factors might be useful clinically to help identify patients who may have a large difference between home and office blood pressures. ( Hypertens Res 2008; 31: 1115-1123) Key Words : white-coat effect, home blood pressure, office blood pressure, antihypertensive treatment From the 1)
Introduction
It has been reported that the magnitude of the difference between the office blood pressure (BP) and the home BP (the so-called "white-coat effect"( 1 )) in untreated hypertensive patients is greater than in treated hypertensive patients ( 2 ) . This finding suggests that the difference between the office BP and the home BP might be affected by antihypertensive medication. Although a gender difference in the prevalence of a negative difference between the office BP and the home BP (the so-called "reverse white-coat effect" ( 3 )) has not been observed, such a negative difference has been negatively correlated with age and office BP levels ( 4 ) . Therefore, it may be difficult for physicians to identify patients with a negative BP difference. The identification of patients with a positive BP difference and those with a negative BP difference may have important implications for the management of hypertensive patients. Although the factors mediating white-coat hypertension and so-called "masked hypertension" (defined as a normal office BP and hypertensive home or ambulatory BP levels ( 5 ) ) have already been studied extensively ( 6 , 7 ) , little information is available about the factors that affect the difference between the office BP and the home BP among treated hypertensive patients. The objective of the present study was to clarify the factors that affect the difference between the office systolic BP (SBP) and the home SBP (the office-home SBP difference). This study was based on data from the Japan Home versus Office BP Measurement Evaluation (J-HOME) study, conducted to measure BP control as evaluated by home BP and office BP measurements among essential hypertensive patients receiving antihypertensive treatment in primary care settings in Japan ( 8 , 9 ) .
Methods Patients
The details of patient selection have been previously described (8, 9) . Briefly, 7,354 physicians randomly selected from all over Japan were invited to take part in this project. Of the 1,477 who agreed to participate, 751 collected data for the study. By the end of August 2003, 3,586 patients who gave their informed consent to participate in the study were enrolled. Each participating physician was asked to enroll 5 patients. Most physicians (79.3%) enrolled 5 or fewer patients. Sixty-six patients were excluded because they were not taking antihypertensive medications. An additional 120 were excluded due to insufficient data about BP values or patient characteristics. Furthermore, subjects whose office BP was measured by an aneroid sphygmomanometer were excluded, since aneroid devices are not recommended unless they are calibrated every 6 months (10), and calibration of aneroid devices every 6 months could not be assured. Thus, the study population consisted of 3,308 essential hypertensive outpatients treated with antihypertensive medications. The Institutional Review Board of Tohoku University School of Medicine approved the study protocol.
Home BP Measurements
Patients were asked to measure their BP once every morning in the sitting position, within 1 h of waking, after more than 2 min of rest, but before drug ingestion and breakfast, as specified by the Japanese guidelines for home BP measurement (11) . They were asked to record the results over a 2-week period. The patients used electronic arm-cuff devices that operate on the basis of the cuff-oscillometric method. All such devices available in Japan have been validated and approved by the Ministry of Health, Labour and Welfare, Japan (12) .
The manufacturers of these devices were Omron Healthcare Co., Ltd. (Kyoto, Japan), A&D Co., Ltd. (Tokyo, Japan), Terumo Co., Ltd. (Tokyo, Japan), and Matsushita Electric Works, Ltd. (Osaka, Japan). The actual model of each device was not provided by the physicians involved in the study. All devices for the self-measurement of BP used in the present study were certified as having been adjusted to the Association for the Advancement of Medical Instrumentation (AAMI) standard (12, 13) . The mean of all measurements over the 2-week period was calculated for each patient and used for the analysis. The patients' treatment regimen was kept constant during the 2 weeks of home BP measurements.
Office BP Measurements
Office BP was measured twice consecutively in the sitting position after a rest of at least 2 min at each regularly scheduled visit by a physician (81.0%) or a nurse (19.0%). The physicians and nurses used either the auscultatory method with a mercury device (77.7%) or the cuff-oscillometric method with an electronic arm-cuff device (22.3%) that had been validated and approved by the Ministry of Health, Labour and Welfare, Japan. All automatic devices used in the present study were certified as having been adjusted to the AAMI standard (13) . The office BP value for each patient that was used for the analysis was defined as the average of 4 measurements taken at 2 office visits during the time period that home measurements were being done.
Data Collection and Statistical Analysis
Patients' information was collected using a questionnaire Data are mean±SD or percentage of patients. *p<0.05 vs. the other two groups. **p<0.002 vs. the other two groups. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; HT, hypertension; CVD, cerebrovascular disease; IHD, ischemic heart disease; CCBs, calcium channel blockers; DHP, dihydropyridine; ARBs, angiotensin II receptor blockers; ACEIs, angiotensin-converting enzyme inhibitors. Due to multiple analyses performed, the level of significance has been adjusted according to Bonferoni; p<0.002 is considered significance.
administered by the attending physicians. Therefore, the identification of complications was based on the attending physicians' judgment. Dihydropyridine calcium channel blockers (CCBs) were classified into two groups: "non-amlodipine" and "amlodipine." Amlodipine was used most frequently in the J-HOME study; it is the most long-acting of the antihypertensive drugs. Therefore, we discriminated between amlodipine and dihydropyridine CCBs other than amlodipine. Thus the term "non-amlodipine" in the present study indicates any dihydropyridine CCB other than amlodipine. The office-home SBP difference was calculated for each individual. Patients were classified into 3 groups according to whether the office-home SBP difference was in the lowest tertile (group 1; office-home SBP difference ≤ −3.1 mmHg), the intermediate tertile (group 2; −3.1< office-home SBP difference < 8.9 mmHg), or the highest tertile (group 3; office-home SBP difference ≥ 8.9 mmHg) based on the French Self-Measurement of Blood Pressure at Home in the Elderly: Assessment and Follow-up (SHEAF) study (14) . Group 1 (home effect group) included patients whose home BP was higher than their office BP. Group 2 included patients who had a small office-home SBP difference. In these patients, office BP and home BP were relatively close. This group was referred to as the small difference group. Group 3 (office effect group) included patients whose office BP was higher than their home BP.
Based on the patients' characteristics and their use of antihypertensive medications, univariate analysis was performed to determine which factors influenced the home effect, the office effect, and the magnitude of the office-home SBP difference. In this analysis, the home and office SBP values were not included as factors, since these terms were not fully independent of the BP difference (Fig. 1) . The Bonferroni correction was applied for multiple comparisons. Multiple logistic regression analysis was performed to obtain the best-fit model showing the most important independent variables that significantly related to the difference between home effect patients and the others, or between office effect patients and the others. Multivariate regression analysis was performed to obtain the best-fit model to identify the most important independent variables that were significantly related to the office-home SBP difference on univariate analysis. Variables were compared using Pearson's regression analysis, Student's t-test, and the χ 2 -test as appropriate.
Data are shown as mean±SD. A p value less than 0.05 was accepted as indicative of statistical significance. All statistical analyses were conducted using the SAS package (Version 9.1; SAS Institute Inc., Cary, USA).
Results

Patients
The mean age of patients was 66.2 years, and 44.4% were male. Overall, the mean home SBP/diastolic BP (DBP) was 139.5±13.8/81.6±9.6 mmHg, the mean office SBP/DBP was 142.7±14.5/80.7±9.4 mmHg, and the mean office-home SBP/DBP difference was 3.2±16.1/−0.9±9.6 mmHg. Whether office BP was measured by a physician or a nurse did not significantly affect the office-home SBP difference. Furthermore, whether the office BP was measured using the auscultatory method with a mercury device or the cuff-oscil- lometric method with an electronic arm-cuff device also did not significantly affect the office-home SBP difference (Table 1) .
Patient Characteristics by the Magnitude of the Office-Home SBP Difference
Compared to the other two groups, home effect group patients were significantly and independently older, were more often habitual drinkers, more often had a family history of cerebrovascular disease (CVD) and a history of ischemic heart disease (IHD), and were prescribed a greater number of antihypertensive drugs, non-amlodipine CCBs, and α-blockers as antihypertensive drugs (Table 2 ). Compared to the other two groups, office effect group patients were significantly and independently younger, included more females, less frequently had a family history of CVD and a history of IHD, and were less often prescribed α-blockers as antihypertensive drugs ( Table 2 ).
Factors Affecting the Difference between Office and Home SBP: Multivariate Regression Analysis
The multivariate analysis included the variables that were significantly associated with the office-home SBP difference on the univariate analysis (Tables 3-5 ). It was found that older age, habitual drinking, a family history of CVD, and a history of IHD were negatively associated with the magnitude of the office-home SBP difference ( mmHg; all p< 0.001). The use of amlodipine was positively associated with the magnitude of the office-home SBP difference. The use of non-amlodipine CCBs and α-blockers was negatively associated with the magnitude of the office-home SBP difference ( Table 5 ). The results did not change when subjects whose office BP was measured by a nurse were excluded from the analysis.
Discussion
Characteristics of Home Effect Patients and the Factors That Negatively Affected the Office-Home SBP Difference
In the present study, the characteristics of home effect patients and the factors that negatively affected the BP difference were the same. On multivariate regression analysis, habitual drinking, a family history of CVD, and a history of IHD were negatively related to the magnitude of the officehome SBP difference. Treatment with a greater number of antihypertensive drugs, non-amlodipine CCBs, and α-blockers was negatively related to the magnitude of the officehome SBP difference. This suggests that these factors were independent predictive factors that increase the magnitude of the home effect.
In previous studies, Ishikawa et al. reported that alcohol intake was related to morning hypertension (15) and Kawano et al. reported that restriction of alcohol intake lowered morning BP (16) . In the present study, habitual drinking was also negatively related to the BP difference. Thus it is likely that such effects of alcohol intake on morning home BP could contribute to the negative relation between habitual drinking and the magnitude of the office-home SBP difference.
A family history of CVD and a history of IHD were also associated with the magnitude of the office-home SBP difference. This finding was related to the fact that patients with a family history of CVD and a history of IHD had an elevated morning BP in the present study. This trend was also supported by the results of the categorical analysis of patients based on the magnitude of their office-home SBP difference.
A previous study reported that the insufficient duration of action of non-amlodipine CCBs induced morning hypertension in treated hypertensive patients (17) ; in the present study, the prescription of non-amlodipine CCBs was negatively related to the magnitude of the office-home SBP difference.
Pickering et al. reported that α-blockers taken in the evening would have their greatest effect in the morning when the sympathetic nervous system was extensively activated (18) . Thus one might expect that α-blockers taken in the evening would effectively suppress morning BP elevation. Indeed, of patients given α-blockers, 39.1% took their αblockers after dinner and 27.3% took their α-blockers before going to bed in the present study. Therefore, in the present study, it is likely that α-blockers would be frequently prescribed to patients with a large home effect to adequately control their high morning home BP levels.
Home effect group patients had a higher-risk profile (habitual drinking, a family history of CVD, and a history of IHD) Mean value, mean of the office-home SBP difference; SBP, systolic blood pressure; BMI, body mass index; HT, hypertension; CVD, cerebrovascular disease; IHD, ischemic heart disease; CCBs, calcium channel blockers; DHP, dihydropyridine; ARBs, angiotensin II receptor blockers; ACEIs, angiotensin-converting enzyme inhibitors. than the other patients. In the SHEAF study, Bobrie et al. studied 3 groups of patients that were almost equivalent to the 3 groups employed in the present study (14) . They found that treated elderly hypertensive patients in the home effect group most often had a history of cardiovascular disease (14) .
Recently, it has been reported that the reverse white-coat effect, based on office BP and daytime ambulatory BP readings, is a significant predictor for microalbuminuria and an independent risk factor for left ventricular hypertrophy in patients with treated essential hypertension (19, 20) . Moreover, in the Ohasama study, the white-coat effect based on the office BP and the home BP readings was not significantly related to cardiovascular mortality, while the reverse whitecoat effect was a strong predictive factor of cardiovascular risk (21) . Thus, it is necessary to identify patients with the reverse white-coat effect and to follow them up more carefully than patients in the small difference group or those in the office effect group.
Characteristics of Office Effect Patients and the Factors That Positively Affected the Magnitude of the Office-Home SBP Difference
In the present study, increasing age decreased the difference between office and home BP. This is consistent with our previous study of the Japanese general population (22) and a study of hypertensive patients (23) that investigated the office-home BP difference. The office effect group included more females than the other two groups. It has already been reported that the magnitude of the BP difference was lower in men than in women (6, 22, 24) . Our results are consistent with those of previous studies. However, the reason for this gender difference is unclear. It may be related to the difference in reactivity to the stress of a clinic visit. The present results show that, among the 3 groups, patients with an office effect had the lowest-risk profile. In some studies (25) (26) (27) , but not in all (28) , no association was found between the magnitude of the white-coat effect and widely used measures of target-organ damage, such as left ventricular mass. However, in other studies, it has been reported that intimal-medial thicknesses and carotid cross-sectional areas were similar in patients with a white-coat effect and sustained hypertension but were significantly higher than in normotensive subjects (29) . The plasma C-reactive protein and B-type natriuretic peptide levels did not differ between patients with white coat hypertension and those with sustained hypertension (30) . Patients with a white coat effect have been shown to have increased BP reactivity to activity (31) . Therefore, a greater BP load during normal daily activities may contribute to target organ damage due to the increased BP reactivity found among patients with the white coat effect (31) .
In the Ohasama study, the odds ratio for the progression of white-coat hypertension to home hypertension was significantly higher than that of sustained normotension (normal home BP and normal office BP) (32) . Moreover, Verdecchia et al. reported that after 6 years of follow-up, the incidence of stroke tended to increase in the white-coat hypertension group, and the corresponding hazard curve crossed that of the ambulatory hypertension group by the 9th year of follow-up (33) . It is possible that the white-coat effect and white-coat hypertension represent similar phenomena, since they both deal with BP readings that are higher in the medical setting than outside the medical setting. Therefore, patients with a large white-coat effect might require careful long-term follow-up using home BP measurements.
Study Limitations
There are some limitations to this study. In the present study, office BP was measured twice during each session, while home BP was measured once per session. Home BP was based on an average of about 14 measurements, while office BP was based on an average of 4 measurements. These differences in the methodology of collecting BP values at home and in the office might have affected the results. However, these methods were based on the Japanese Society of Hypertension (JSH) guidelines for self-monitoring of BP at home and JSH 2004. Therefore, these methods could be considered to be the current standard for evaluating office BP and home BP in Japan; thus, the findings are applicable to primary care settings in Japan. In the present study, office BP was assessed by a physician (81.0%) or by a nurse (19.0%). It has been reported that the magnitude of the difference between office BP and out-of office BP was different when office BP was measured by a physician or a nurse (34) . However, in the present study, the magnitude of the difference between office and home BPs was not significantly different between measurements taken by physicians and those taken by nurses. Factors affecting the difference between home and office BP were comparable after exclusion of subjects whose office BP was measured by a nurse. Therefore, in the present study, these methodological differences did not substantially affect the results. Since most physicians in the present study were general practitioners, and the patients were supposed to have been receiving primary care by the physicians for a certain period of time, it is possible that most patients were familiar with their physicians. In the present study, the proportion of subjects whose office BP was measured using the auscultatory method with a mercury sphygmomanometer and the cuff-oscillometric method with an electronic arm-cuff device was 77.7% and 22.3%, respectively. However, the magnitude of the difference between office and home BP was not significantly different between the 2 methods. Therefore, in the present study, the methodological differences would not be large enough to substantially affect the overall results. Finally, in the present study, we could not ensure whether the doctors who measured patients' office BP using an oscillometric device had used the same oscillometric device employed by their patients at home or not. Furthermore, since we did not provide oscillometric devices to the study patients, the patients used their own oscillometric devices that used different algorithms to compute SBP and DBP. The use of such different devices might have introduced an important technical bias in the comparison between home and office BP. However, all devices for BP measurements available in Japan have been validated and approved by the Ministry of Health, Labour and Welfare, Japan (12) . Further consideration of this issue is beyond the scope of the J-HOME study, which was a survey done to evaluate, on the basis of home BP measurements, the actual BP control that was achieved with antihypertensive treatment in the primary care setting in Japan. Moreover, since such cases were often identified in primary care settings, our findings reflect the current situation in primary care settings and could be applied to primary care settings in Japan.
Conclusion
Among treated hypertensive patients, patients with an office effect had a low-risk profile, whereas patients with a home effect had a high-risk profile. Knowing the factors associated with these phenomena might be useful for helping physicians identify patients who may have large differences between home BP and office BP.
